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Abstract
Background: The aim of this study was to evaluate the midpalatal suture maturation stages in adolescents and
young adults using cone-beam computed tomography (CBCT).
Methods: The sample comprised 200 CBCT scans of individuals aged 10 to 25 years old (95 males and 105 females)
divided into three groups, adolescents (n = 48), post-adolescents (n = 52), and young adults (n = 100). The Planmeca
ProMax 3D software was used for the midpalatal suture maturation stage evaluation according to Angieleri’s
method, using cross-sectional axial slice. Two previously calibrated examiners analyzed the images and classified
according to five different maturation stages. A, B, and C stages were considered with open midpalatal suture, and
D and E were considered without open midpalatal suture. Association tests were performed using chi-square test
also, and a binary logistic regression was evaluated (P < 0.05).
Results: The possibility to find open midpalatal suture in individuals of 10 to 15 years old was 70.8%, in subject
aged 16 to 20 and 21 to 25 years old was 21.2% and 17%, respectively. Furthermore, this possibility in individuals
older than 16 years was greater in males than in females.
Conclusions: The possibility to find open midpalatal suture in post-adolescents and young adults is greater than
the orthodontists considered years ago. Furthermore, men are more likely to find midpalatal suture opening. These
implications might be considered by the orthodontists when maxillary expansion is required. Besides, the
ossification of the middle palatal suture is very variable, and therefore, the use of CBCT might be recommended to
clarify this possibility.
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Background
Transverse maxillary constriction is associated with sev-
eral problems that include posterior crossbite (dental
and/or skeletal), dental crowding, occlusal disharmony,
pharyngeal airway narrowing, alterations in tongue pos-
ture, and mouth breathing, producing meaningful effects
in muscular function and esthetic [1–3].
Rapid maxillary expansion (RME) is an orthopedic
procedure that requires heavy forces to promote the sep-
aration of the midpalatal suture (MPS). This procedure
leads to stretching of collagenous fibers as well as the
local formation of a new bone that corrects the trans-
verse maxillary constriction with a real increase in the
transversal width [4]. Over the years, this technique has
become a routine procedure in orthodontic treatment
for patients who have a MPS opening. On the other
hand, in patients with a full MPS ossification, the surgi-
cally assisted rapid maxillary expansion (SARME) has
been recommended to reduce the resistance to the
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disjunction [5, 6]. However, the approximated age limit
to shift from RME to SARME is not clear enough espe-
cially in late adolescents and young adults [7, 8]. Al-
though several studies suggest that RME should be
recommended before puberty [9, 10]. There are other re-
ports of necropsy specimens that shown patients to have
no signs of fusion of this suture at ages 27, 32, 54, and
even 71 years [11–13]. Thus, the chronological age is an
unreliable parameter for evaluating the developmental
status of the MPS during growth [13, 14].
In 2013, Angelieri et al. [15] proposed a method of in-
dividual evaluation of MPS maturation using cone-beam
computed tomography (CBCT). These authors deter-
mined five maturational stages (A, B, C, D, and E) as a
way of providing more reliable clinical data when mak-
ing the decision between RME only and SARME for
adolescent and young adult patients. According to this,
patients in stages A and B would have less resistance
and greater skeletal effects of RME than in stage C.
Meanwhile, for patients in stages D and E, SARME was
recommended. Three years later, Angelieri et al. [16]
confirmed that in spite of increased sutural resistance to
conventional RME at stage C, the widening of maxilla
orthopedically with no surgical interventional still is pos-
sible. Recently, Tonello et al. [17] evaluated the matur-
ation stage of the MPS using CBCT images in Brazilian
adolescents from 11 to 15 years old using the same
Angelieri’s method. These authors reported that stage C
was the most prevalent without differences in the matur-
ation stages between boys and girls in this specific age
group. In this way, Ladewing et al. [18] evaluated the
maturational stage in post-adolescents from 16 to
20 years old using the same method and they concluded
that stages C, D, and We were the most representative
and shown that both sexes had a higher prevalence of
stage C. These results showed that great variability in
the stages of calcification of the middle palatal suture
could occur regarding the possibility to make a maxillary
disjunction and the chronological age. Moreover, these
results may change according to the racial group.
The literature reports that skeletal maturity is usually
reached earlier in girls than in boys in the pubertal ages
[19, 20]. Likewise, this was confirmed when a MPS was
used as a maturational tool, despite a statistically signifi-
cant difference was not observed [16–18]. However, to
the best of our knowledge, there is a lack of evidence re-
garding the age group limits and the RME possibility in
different populations and it is helpful for the clinical
practice. Therefore, the aim of this study was to evaluate
the midpalatal suture maturation stages in an urban
sample of adolescents, post-adolescents and young
adults associated with chronological age and sex asses-
sing MPS maturational stages by using CBCT scans. The
knowledge of the percentage on the possibility to find
midpalatal suture opening in young adults at first will
help the orthodontist to offer the patient a possible
treatment plan that will be corroborated with an auxil-
iary examination. Furthermore, the clinicians may know
about the probability to perform RME in post-
adolescents and young adults.
Methods
This descriptive and retrospective study was approved
by the Ethics Committee of Universidad Cientifica del
Sur, Lima, Perú, with the approval number 159-2018-
POS8. The sample consisted of 200 CBCT scans of ado-
lescents (n = 48), post-adolescents (n = 52), and young
adults (n = 100) aged between 10 to 25 years (95 males
and 105 females, Table 1) attended in a private dental
diagnostic imaging center (Lima, Perú). All patients
signed the donation form.
The sample size was determined by applying the for-
mula to estimate one proportion (possibility to find mid-
palatal suture opening in individuals older than 18 years)
with a 95% confidence level, the precision of 5% and
10% proportion of this possibility (data from a previous
pilot test). The minimum required sample was 163
CBCTs.
Based on the inclusion criteria, CBCT scans were se-
lected from patients aged 10 to 25 years, both sexes who
underwent CBCT imaging for the diagnosis of skeletal
malocclusion and impacted teeth from January 2017 to
December 2018. The exclusion criteria were subjects
with previous orthodontic treatment or any appliance,
maxillofacial trauma, odontogenic pathologies, cleft lip
and palate, syndromic conditions, and the presence of
noise or blurred images on the CBCT scans.
All CBCT images evaluated in the current study were
obtained using a Planmeca ProMax 3D Mid scanner





A B C D E
n % n % n % n % n %
10–15 F 1 3.2 6 19.4 14 45.2 7 22.6 3 9.7 31
M 1 5.9 7 41.2 6 35.3 2 11.8 1 5.9 17
F + M 2 9.1 13 60.6 20 80.5 9 34.4 4 15.6 48
16–20 F 0 0 1 4.8 3 14.3 8 38.1 9 42.9 21
M 0 0 0 0 7 22.6 13 41.9 11 35.5 31
F + M 0 0 1 4.8 10 36.9 21 80 20 78.4 52
21–25 F 0 0 0 0 5 9.4 16 30.2 32 60.4 53
M 0 0 2 4.3 10 21.3 12 25.5 23 48.9 47
F + M 0 0 2 4.3 15 30.7 28 55.7 55 109.3 100
TOTAL 2 1 16 8 45 22.5 58 29 79 39.5 200
F female, M male
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(Helsinki, Finland) adjusted to the following specifications:
a field of view of at least 11 cm, 90 kV, 10 mA, a voxel size
of 0.2 to 0.3 mm, and exposure time of 13.68 s. CBCT im-
ages were analyzed using Planmeca Romexis®. The adjust-
ment of the patient’s head in the three planes of space and
the selection of the slice for evaluation of the MPS matur-
ational stages were performed according to the protocol
described previously [15].
The images were obtained in a standardized way. First,
in the coronal (Fig. 1a) and axial (Fig. 1b) views, the cursor
of the image analysis software was positioned at the pa-
tient’s midsagittal plane. Afterward, in the sagittal view,
the patient’s head was adjusted so that the horizontal ref-
erence line coincided with the median region of the palate,
which is the cancellous bone between the upper and lower
cortical bones (Fig. 1c).
Subsequently, in the axial CBCT section, the
visualization and classification of the skeletal maturation
stage of the MPS were conducted according to the
method of Angelieri et al. [15]. For a more precise evalu-
ation, two axial cross-sectional slices were used when
subjects presented with a thick or a curve palate, accord-
ing to the previous recommendations [15, 17, 18]. Two
previously calibrated examiners analyzed the images and
classified according to five different maturation stages.
A, B, and C stages were considered with open midpalatal
suture, and D and E were considered without open mid-
palatal suture (Fig. 2).
The training and calibration were conducted by an ex-
perienced and trained orthodontist (LEAG) using 50
CBCTs slices of adolescents and post-adolescents of
both genders aged 10–25 years randomly selected. The
observer (LMJV) received a detailed explanation of the
morphologic features of each MPS maturation stage in a
PowerPoint (Microsoft, Redmond, Wash, USA) high-
resolution image presentation containing 50 CBCT axial
slices. The images were identified only by codes and the
observer was trained in the maturation stage of the MPS
and for classify the MPS method using exact figures and
legends described by Angelieri et al. [15]. Furthermore,
the observer received a hard-copy handout with a writ-
ten description of the radiographic features of each MPS
maturation stage.
The calibration was done twice with a washout period
of 4 weeks. Recorded data were submitted to the agree-
ment analysis to check inter-examiner errors. In addition,
the observer was asked to re-observe the slices to rule out
any intra-examiner error. The weighted kappa coefficient
was used for both analyses. The 200 CBCT sagittal slices
were observed in a dimly lit room with constant light in-
tensity. Four weeks after the first observation, the exam-
iner was retrained in the maturation stage of the MPS
receiving the images in a different random order, and she
was asked to re-observe the slices.
Statistical analyses
The weighted kappa coefficients were calculated for
evaluation of the intra- and inter-examiner measurement
error using the STATA version 16 (Stata Corp., College
Station, TX, USA), and the results were interpreted ac-
cording to the scale of Landis and Koch [21]. All statis-
tical procedures were conducted with SPSS version 24
(SPSS Inc., Armonk, NY, USA) software for windows.
The chi-square test was used to analyze the possibility
to find open midpalatal suture by age groups. Finally, a
binary logistic regression model was performed using the
maturation stage of the MPS as an outcome variable. The
predictor variables were age (in years) and sex (the codes
Fig. 1 Procedures in the CBTC sections to measure the midpalatal suture. a Coronal view. b Axial view. c Sagittal view, note in the view that the
blue line is positioned through the center of the hard palate
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were 0 and 1 for females and males, respectively). The im-
pact of each factor on the outcome variable was expressed
as an OR with its 95% confidence interval (95% CI). Statis-
tical significance for all statistical tests was set at P < 0.05.
Results
The weighted kappa coefficients for the evaluation of the
intra- and inter-examiner measurement error in the
MPS maturation stage were 0.89 and 0.90, respectively,
demonstrating almost perfect agreement according to
the scale of Landis and Koch [21].
The most frequent maturation stage in the study
population (Table 1) was stage E (39.5%), followed by
stages D (29%), C (22.5%), B (8%), and A (1%). The MPS
was not fused in 63 out of 200 subjects (31.5% of the
total sample with stages A, B or C). In the females, there
were higher prevalence of stage C (45.2%) in the age
group od 10 to 15 years. The stage C decreased from
45.2% (14 subjects) in the younger group to 9.4% (5 sub-
jects) in the older group. As expected, in the older age
group (21–25 years), the frequencies of stages D and E
were higher than in the 16- to 20-year age group. Still,
in the group between 21 and 25 years, no subject was
observed in stage A. However, the stage B was found in
two subjects in the age group 21 to 25 years.
When considering all groups (Table 2), we observed that
in the age group of 10 to 15 years is possible to verify open
midpalatal suture in 70.8%, while in the age group 16 to
20 years and 21 to 25 years is possible to verify midpalatal
suture opening in 21.2% and 17%, respectively. Further-
more, the findings show that in the age group 16 to
20 years and 21 to 25 years, males have more possibility to
present midpalatal suture opening than females.
The comparison of the maturation stages by sex is
given in (Table 3). It shows that both sexes had a higher
prevalence of stage E, which is more frequent in females
(41.9%), followed by stage D (29.5%). Stage C was ob-
served in 20.9%. The prevalence of stages A and B in fe-
males was 1% and 6.7% had the lowest prevalence. In
males, stage E was the most prevalent (36.8%), followed
by stage D (28.4). Stage C was observed in 24.2%, stage
A in 1.1%, and stage B in 9.5%.
The results of logistic regression (Table 4) showed that
the female sex has a 51.1% lower probability to find mid-
palatal suture opening. In terms of age, for each year
that increases the age, there is a 24% lower probability
to find midpalatal suture opening.
Fig. 2 Method of Angieleri et al. [15] in CBCT. a The midpalatal suture is seen as a relatively straight radiopaque line. b The midpalatal suture
appears as a scalloped line of high density. c Two radiopaque, scalloped, and parallel lines are separated by areas of low radiographic density. d
The palatine bones become more radiopaque, and the suture is not visualized in this sector only is visualized as two scalloped high-density lines
at the midline on the palate bone. e It is no longer possible to see the suture along the maxillary and palatine bones, indicating fusion l; fusion
has occurred in the maxilla
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Discussion
The treatment of transverse maxillary constriction in pa-
tients is an important topic for orthodontists, and this is
especially challenge in late-stage adolescent and young
adult patients because there is no consensus in the lit-
erature regarding the minimum age for reliable palatal
expansion. Until a few years ago, the possibility to find
midpalatal suture opening and therefore of performing a
maxillary disjunction was considered only until 16 years
old. In addition, attempting to choose RME in older in-
dividuals can lead to consequences such a significant
pain, gingival recession, palatal mucosa ulceration or ne-
crosis, buccal tipping of the posterior teeth, and reduc-
tion of buccal bone thickness [22–24] alveolar bone
bending [25], buccal root resorption [26], and fenestra-
tion of the buccal cortex [27]. On the other hand,
SARME implies possible unnecessary surgical proce-
dures increasing morbidity, cost, risk, and more days re-
quired for patient recovery [28].
More recent studies pointed out that in young adult pa-
tients, this possibility [11–13], in essence, is greater and
suggests that it is possible to achieve RME until 20 years.
In this way, with the advent of the miniscrew-assisted
rapid palatal expansion technique (MARPE), cases of suc-
cess have been reported in patients up to 24–26 years old
[29–31]. However, there are few studies that determine
this proportion until 25 years and this information is valu-
able for orthodontists who, comprehending this rate, may
consider the RME as a possibility if the case merits and
not only a dental expansion (Fig. 3).
Usually, the therapeutic decision to treat a posterior
crossbite is supported by the chronological age of the
patient, due to the scientific literature that sustains the
realization of RME in growing patients [27]. However,
there is no consensus regarding the decision of RME or
SARME; some authors recommend SARME to patients
older than 25 years or older [32], and other references as
Epker and Wolford [6] recommend patients over
16 years. The great variability in the indications of age
ranges and the absence of precise clinical guidelines re-
garding the treatment time for maxillary expansion were
the reasons to perform this research. This study seeks to
determine the possibility to find midpalatal suture open-
ing to do maxillary disjunction in adolescent, post-
adolescent, and young adult patients as a less invasive al-
ternative to SARME.
To evaluate the morphology of the MPS according to
the stages of maturation of Angieleri et al. [15], we mea-
sured CBCTs through a cross section in the middle of
the palate. This method determines five maturation
stages of the MPS. The A, B, and C stages were defined
as possible to find midpalatal suture opening with more
favorable results, being C a critical stage. According to a
clinical trial about maxillary expansion, RME under D
maturation stage is not feasible to the posterior region
despite the interincisal opening in the maxillary bone
portion, causing a failure of the RME procedure. There-
fore, they suggest that in stages D and E, the treatment
of surgically assisted RME would be better because the
fusion of the suture has been partial or total, preventing
the RME forces from opening the suture (Fig. 2).
Angieleri et al. [15] reported that stage A was observed
in early childhood from 5 to 11 years of age, and stage B
was observed mainly up to 13 years of age, similar re-
sults to our study, where stages A and B were observed
in the range of 10–15 years old (Table 1). The fusion of
the MPS was observed below 15 years, findings very
similar to Angieleri et al. [16] who reported the fusion of
Table 4 Results of the logistic regression model with the
maturational stages of the midpalatal suture as outcome
variable and age and sex as predictors
Variable P OR 95% CI
Lower Upper
Sex 0.049 0.489 0.239 0.998
Age (years) < 0.001 0.760 0.695 0.831
Constant < 0.001 111.891
r2 Cox y Snell = 21%
r2 Nagelkerke = 30%
Table 2 Distribution of the MPS maturational stages by age
group and sex regarding the possibility to find midpalatal
suture opening
Midpalatal suture opening P
Possibility No possibility
Age (years) Sex n % n % Total
10–15 F 20 41.6 11 22.9 31
M 14 29.2 3 6.3 17
F + M 34 70.8 14 29.2 48 0.320
16–20 F 4 7.7 17 32.7 21
M 7 13.5 24 46.1 31
F + M 11 21.2 41 78.8 52 1.000
21–25 F 5 5.0 48 48.0 53
M 12 12.0 35 35.0 47
F + M 17 17.0 83 83.3 100 0.037*
F female, M male
*Chi-square test: P < 0.05, significant
Table 3 Distribution and comparison of the MPS maturational
stages in 10- to 25-year-old subjects by sex
Sex Stage Total
A B C D E
n % n % n % n % n %
Female 1 1.0 7 6.7 22 20.9 31 29.5 44 41.9 105
Male 1 1.1 9 9.5 23 24.2 27 28.4 35 36.8 95
Chi-square test: P = 0.898, not significant
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the MPS in patients of 11 and 14 years. In the age group
10 to 15 years, stage C was found mainly in the females,
which means that the maturation of the MPS occurs
earlier in women than in men. Interestingly, these results
corroborate the clinical findings of RME failure in late
adolescents, mainly in females and adults.
Unlike the study of Ladewig et al. [18] where it shows
that both sexes have a high prevalence of stage C, stages
D and E were observed in our sample in 29% and 39.5%,
respectively. Also, in our study, a high prevalence was
found in the 21–25-year-old group, a similar result to
previous studies, but with different results, they observed
84.4%, 60% in subjects older than 18 years who had
stages D and E, respectively [16, 18]; this difference
could be results of environmental and genetic character-
istics of the sample evaluated. However, also, it means
that in young adult patients, there may always be an op-
portunity for RME treatment [29–31].
Age and sex play an essential role to find midpalatal
suture opening, but not crucial in the decision making
because the literature reports that they are not reliable
parameters to determine if the MPS is merged or not
[11]. The possibility to find midpalatal suture opening is
greater in the male sex compared to the female sex
(Table 2). In addition, Capelozza Filho et al. [23] report
an 80% success in RME in patients without growth. The
RME was considered successful due to the creation of
an interincisal maxillary diastema [22]. These results en-
courage the possibility to perform RME in young adults;
this potential is greater than the orthodontist thought
years ago, even knowing that currently, the MARPE
technique offers interesting results in patients around
25 years [29–31]. However, would be necessary for fur-
ther studies to evaluate the CBCT scans of maxilla and
then predict the RME possibility retrospectively on pa-
tients who had RME treatment.
Likewise, Angieleri et al. [16] found that 12% of adult
patients, the middle palatal suture was not fused. In con-
trast to our study, we found that individuals aged over
20 years have the possibility to find midpalatal suture
opening that varies according to sex (24.5% of men and
9.6% of women). The knowledge of these data may help
the orthodontist to get a more suitable explanation to
offer the patient a possible treatment plan that after will
be corroborated with an auxiliary examination (occlusal
radiographs or CBCT). Also, this study evidences that
for the RME protocol, mainly in young adults, the use of
CBCT could be useful to verify the ossification status of
the MPS and make the decision to perform a conven-
tional RME (if the MPS is clearly open) or to use micro-
implants (MARPE protocol) if the suture is in the
process of closure, or finally, if the suture is completely
closure, the SARME protocol could be the better option.
However, if with other biological determinants, it is pos-
sible to establish with approximation the ossification sta-
tus of the MPS of an individual, and the need for a
tomographic examination should be reduced to avoid
the load of ionizing radiation in the patient. Caution is
necessary in this regard.
Conclusions
The possibility to find midpalatal suture opening in
post-adolescents and young adults is approximately 20%,
greater than the orthodontists considered years ago. Fur-
thermore, men are more likely to present midpalatal su-
ture opening. These implications might be considered by
the orthodontists when RME treatment is required.
Besides, the ossification of the middle palatal suture is
very variable; thereby, the use of CBCT might be recom-
mended to evaluate the midpalatal suture opening and
therefore to verify the possibility of maxillary disjunction.
Abbreviations
CBCT: Cone-beam computed tomography; MARPE: Miniscrew-assisted rapid
palatal expansion technique; MPS: Midpalatal suture; RME: Rapid maxillary
expansion; SARME: Surgically assisted rapid maxillary expansion;
SPSS: Statistical Package for the Social Sciences; STATA: Syllabic abbreviation




LMJV and LEAG designed the study, analyzed and interpreted data, and
drafted the manuscript. VMC revised the manuscript and interpreted the
data. YARC and HLDDS analyzed and interpreted the data, and revised the
manuscript. All authors read and approved the final manuscript.
Funding
The authors declare that they have not received funding.
Fig. 3 Example of the midpalatal suture condition in a patient of 25-
year-old boy in stage B appears as a scalloped high-density line
Jimenez-Valdivia et al. Progress in Orthodontics           (2019) 20:38 Page 6 of 7
Availability of data and materials
The authors declare that the materials are available.
Ethics approval and consent to participate
The study was performed in accordance with the Declaration of Helsinki. It is





The authors declare that they have no competing interests.
Author details
1Division of Orthodontics, School of Dentistry, Universidad Científica del Sur,
Lima, Peru. 2Division of Oral Implantology, School of Dentistry, Universidad
Científica del Sur, Lima, Peru. 3Division of Oral and Maxillofacial Radiology,
Faculty of Dentistry, Universidad Nacional de Colombia, Bogotá D. C,
Colombia. 4Division of Oral Radiology, Faculty of Dentistry, Federal University
of Rio Grande do Sul, Porto Alegre, Brazil. 5Division of Orthodontics and
Division of Oral and Maxillofacial Radiology, School of Dentistry, Universidad
Científica del Sur, Lima, Peru.
Received: 20 August 2019 Accepted: 11 September 2019
References
1. Aloufi F, Preston CB, Zawawi KH. Changes in the upper and lower
pharyngeal airway spaces associated with rapid maxillary expansion. ISRN
Dent. 2012;2012:290964. https://doi.org/10.5402/2012/290964.
2. Vidya VS, Sumathi FA. Rapid maxillary expansion as a standard treatment for
obstructive sleep apnea syndrome: a systematic review. J Dental Med Sci.
2015;14(2):51–5.
3. Jang HI, Kim SC, Chae JM, Kang KH, Cho JW, Chang NY, et al. Relationship
between maturation indices and morphology of the midpalatal suture
obtained using cone-beam computed tomography images. Korean J
Orthod. 2016;46(6):345–55.
4. McNamara JA, Brudon WL. Orthodontics and dentofacial orthopedics. Ann
Arbor: Needham Press; 1995. p. 211e2.
5. Silva Filho OG, Magro AC, Capelozza Filho I. Early treatment of the class III
malocclusion with rapid maxillary expansion and maxillary protraction. Am J
Orthod Dentofac Orthop. 1998;113(2):196–203.
6. Suri L, Taneja P. Surgically assisted rapid palatal expansion: a literature
review. Am J Orthod Dentofac Orthop. 2008;133(2):290–302.
7. Acar YB, Motro M, Erverdi AN. Hounsfield units: a new indicator showing
maxillary resistance in rapid maxillary expansion cases? Angle Orthod. 2014;
85(1):109–16.
8. Grünheid T, Larson CE, Larson BE. Midpalatal suture density ratio: a novel
predictor of skeletal response to rapid maxillary expansion. Am J Orthod
Dentofac Orthop. 2017;151(2):267–76.
9. Thadani M, Shenoy U, Patle B, Kalra A, Goel S, Toshinawal N. Midpalatal
suture ossification and skeletal maturation: a comparative computerized
tomographic scan and roentgenographic study. J Indian Acad Oral Med
Radiol. 2010;22(2):81–7.
10. Baccetti T, Franchi L, McNamara JA. An improved version of the cervical
vertebral maturation (CVM) method for the assessment of mandibular
growth. Angle Orthod. 2002;72(4):316–23.
11. Persson M, Thilander B. Palatal suture closure in man from 15 to 35 years of
age. Am J Orthod. 1977;72(1):42–52.
12. Knaup B, Yildizhan F, Wehrbein H. Age-related changes in the midpalatal
suture. A histomorphometric study. J Orofac Orthop. 2004;65(6):467–74.
13. Korbmacher H, Schilling A, Puschel K, Amling M, Kahl-Nieke B. Age-
dependent three-dimensional micro-computed tomography analysis of the
human midpalatal suture. J Orofac Orthop. 2007;68(5):364–76.
14. Gueutier A, Paré A, Joly A, Laure B, de Pinieux G, Goga D. Rapid maxillary
expansion in adults: can multislice computed tomography help choose
between orthopedic or surgical treatment? Rev Stomatol Chir Maxillofac
Chir Orale. 2016;117(5):327–34.
15. Angelieri F, Cevidanes LHS, Franchi L, Gonçalves JR, Benavides E, McNamara
JA. Midpalatal suture maturation: classification method for individual
assessment before rapid maxillary expansion. Am J Orthod Dentofac
Orthop. 2013;144(5):759–69.
16. Angelieri F, Franchi L, Cevidanes LHS, Bueno-Silva B, McNamara JA Jr.
Prediction of rapid maxillary expansion by assessing the maturation of the
midpalatal suture on cone beam CT. Dental Press J Orthop. 2016;21:115–25.
17. Tonello DL, Ladewig VM, Guedes FP, Ferreira Conti ACC, Almeida-Pedrin RR,
Capelozza-Filho L. Midpalatal suture maturation in 11- to 15-year-olds: a
cone-beam computed tomographic study. Am J Orthod Dentofac Orthop.
2017;152(1):42–8.
18. Ladewig VM, Capelozza-Filho L, Almeida-Pedrin RR, Guedes FP, de Almeida
Cardoso M, de Castro Ferreira Conti AC. Tomographic evaluation of the
maturation stage of the midpalatal suture in postadolescents. Am J Orthod
Dentofac Orthop. 2018;153(6):818–24.
19. Koziel S. Relationships among tempo of maturation, midparent height, and
growth in height of adolescents boys and girls. Am J Hum Biol. 2001;13(1):
15–22.
20. Cole TJ, Rousham EK, Hawley NL, Cameron N, Norris SA, Pettifor JM. Ethnic
and sex differences in skeletal maturation among the birth to twenty
cohort in South Africa. Arch Dis Child. 2015;100(2):138–43.
21. Landis JR, Koch GG. The measurement of observer agreement for
categorical data. Biometrics. 1977;33(1):159–74.
22. Bishara SE, Staley RN. Maxillary expansion: clinical implications. Am J Orthod
Dentofac Orthop. 1987;91:3–14.
23. Capelozza Fhilo L, Cardoso Neto J, da Silva Filho OG, Ursi WJ. Non-surgically
assisted rapid maxillary expansion in adults. Int J Adult Orthodon
Orthognath Surg. 1996;11:57–66 discussion 67–70.
24. Rungcharassaeng K, Caruso JM, Kan JY, Kim J, Taylor G. Factors affecting
buccal bone changes of maxillary posterior teeth after rapid maxillary
expansion. Am J Orthod Dentofac Orthop. 2007;132:421–8.
25. Wertz RA. Skeletal and dental changes accompanying rapid midpalatal
suture opening. Am J Orthod. 1970;58:41–66.
26. Langford SR, Sims MR. Root surface resorption, repair, and periodontal
attachment following rapid maxillary expansion in man. Am J Orthod. 1982;
81:108–15.
27. Timms DJ, Moss JP. An histological investigation into the effects of rapid
maxillary expansion on the teeth and their supporting tissues. Trans Eur
Orthod Soc. 1971:263–71.
28. Angelieri F, Franchi L, Cevidanes LHS, Gonçalves JR, Nieri M, Wolford LM,
et al. Cone beam computed tomography evaluation of midpalatal suture
maturation in adults. Int J Oral Maxillofac Surg. 2017;46:1557–61.
29. Cunha ACD, Lee H, Nojima LI, Nojima MDCG, Lee KJ. Miniscrew-assisted
rapid palatal expansion for managing arch perimeter in an adult patient.
Dental Press J Orthod. 2017;22(3):97–108.
30. Brunetto DP, Sant'Anna EF, Machado AW, Moon W. Non-surgical treatment
of transverse deficiency in adults using Microimplant-Assisted Rapid Palatal
Expansion (MARPE). Dental Press J Orthod. 2017;22(1):110–25.
31. Park JJ, Park YC, Lee KJ, Cha JY, Tahk JH, Choi YJ. Skeletal and dentoalveolar
changes after miniscrew-assisted rapid palatal expansion in young adults: a
cone-beam computed tomography study. Korean J Orthod. 2017;47(2):77–
86.
32. Timms DJ, Vero D. The relationship of rapid maxillary expansion to surgery
with special reference to midpalatal synostosis. Br J Oral Surg. 1981;19:180–
96.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Jimenez-Valdivia et al. Progress in Orthodontics           (2019) 20:38 Page 7 of 7
